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Climate	 change	 is	 widely	 recognised	 as	 one	 of	 the	 greatest	 emerging	 humanitarian	
challenges	of	our	time.	Since	the	severe	2003	heatwave	and	associated	excess	deaths	across	




since	 climate	 change	 projections	 suggest	 that	 this	 number	 could	 rise	 to	 5000	 per	 year	 in	
2080	(DCLG	2012).			
There	 is	 no	 universal	 definition	 of	 heat	waves.	 Heat	wave	 is	 generally	 defined	 as	 a	
period	of	abnormally	and	uncomfortably	hot	and	usually	humid	weather.	In	the	UK,	the	Met	
Office	adheres	 to	a	 relativist	definition	"a	heatwave	 is	an	extended	period	of	hot	weather	
relative	 to	 the	 expected	 conditions	 of	 the	 area	 at	 that	 time	 of	 year”.	 On	 a	 tentative	
reconstruction	around	this	theme,	Perkins	lists	a	number	of	definitions	in	which	duration	of	









By	 investigating	 the	 relationship	 between	 heat	 and	 mortality	 for	 a	 21	 year	 period,	
Armstrong	et	al.	concluded	that	a	growth	 in	heat-related	deaths	begins	at	a	relatively	 low	
average	external	 temperature	of	about	19˚C,	and	at	about	 the	same	centile	 temperatures	




experience	both	external	 and	 internal	 temperatures,	but	 they	are	 likely	 to	 spend	most	of	
their	time	indoors.	This	situation	is	aggravated	by	the	fact	that	the	majority	of	excess-deaths	
during	 a	 heat	wave	 occur	 amongst	 the	 elderly,	who	 are	 known	 to	 spend	 an	 even	 higher	
proportion	of	time	indoors	than	the	general	population	(Poumadère	et	al.	2005).	
The	 UK	 government	 has	 set	 up	 emissions	 reduction	 binding	 targets	 imposing	
substantial	reduction	of	emissions	from	buildings	with	consequential	substantial	changes	to	
the	 UK	 building	 regulations,	 resulting	 in	 homes	 with	 significantly	 improved	 standards	 of	
thermal	 insulation	 and	 much	 higher	 levels	 of	 airtightness	 (HM	 2013).	 	 However,	 energy	
efficient	 homes	 are	 prone	 to	 overheat	 (Toledo	 et	 al.	 2016)	 because	 such	 homes	 respond	
quickly	 to	 heat	 gains.	 As	 a	 result,	 internal	 temperatures	 tend	 to	 be	 higher,	 especially	 at	
evenings.	 The	 lack	 of	 thermal	 mass	 and	 solar	 protection	 can	 exacerbate	 internal	






Swainson	 2012),	 especially	 when	 considering	 the	 energy	 efficient	 housing	 stock.	 On	 a	
monitoring	study	of	9	traditional	dwellings	between	Manchester	and	London,	Wright	et	al.	
found	 that,	 during	 August	 2003	 heat	 wave,	 when	 the	 daily	 averages	 of	 external	
temperatures	 were	 exceptionally	 high	 for	 the	 UK	 (20°C),	 the	 high	 thermal	mass	 in	 some	
monitored	 dwellings	 had	 the	 effect	 that	 internal	 temperatures	 both	 in	Manchester	 as	 in	
London	 were	 up	 to	 5K	 higher	 that	 the	 (night)	 outdoor	 air	 temperature,	 suggesting	 that	
thermal	 capacity	may	 restrict	 the	 effectiveness	 of	 night	 ventilation	 to	 provide	 comfort	 at	
night	 (Wright	et	 al.	 2005).	 From	a	101	homes	 survey,	Mavrogianni	 reported	 that	on	both	
typical	and	warm	days,	respondents	reported	opening	the	windows	mostly	due	to	the	need	
of	fresh	air	rather	than	high	indoor	temperatures;	respondents	stated	that	they	do	not	open	




environmental	 factors	 and	 indoor	 overheating,	 while	 and	 occupant	 is	 the	 most	 relative	
important	factor	(Tabatabaei	Sameni	et	al.	2015).		A	recent	report	presented	by	Innovate	UK	
(Jason	Palmer,	Daniel	Godoy-Shimizu	2016)	one	Passivhaus	dwelling	was	reported	to	have	
exceeded	 28˚C	 for	 9%	 of	 the	 summer	 and	 exceeded	 25˚C	 for	 one-fifth	 of	 the	 summer,	
probably	due	to	non-window	opening.	However,	leaving	the	windows	closed	and	letting	the	













occupant	 questionnaire.	 Questionnaires	 were	 aimed	 at	 collecting	 a	 feedback	 on	 the	
effectiveness	of	new	highly	efficient	designs,	as	well	as	collecting	data	regarding	occupants’	
behaviour,	 control,	 and	 comfort	 sensation	 in	 order	 to	 relate	 to	 the	 environmental	
measurements	in	their	home.		
 
Table 1. Overview of case studies homes 
 
There	was	 a	brief	 but	 sharp	heat	wave	peaking	 at	 above	30°C	on	1	 July	 2015	 in	 the	 East	
Midlands	of	England,	coinciding	with	high	solar	gain.	 	For	 the	present	analysis,	 the	period	
chosen	 closely	 related	 to	 the	 generic	 definition	 of	 heatwave	 “period	 of	 abnormally	 and	
uncomfortably	hot	and	usually	humid	weather”	and	satisfying	two	conditions:	(a)	when	daily	
averages	of	 external	 temperatures	were	 above	20°C	 and	 (b)	when	 the	NSWWS	 threshold	






Figure	 2	 shows	 the	 median,	 interquartile	 range	 (box)	 and	 max/min	 values	 over	 the	 hot	
period.	 In	 general	 the	 internal/external	 median	 differences	 lie	 between	 4-8K,	 confirming	
reviewed	monitored	studies.	Also,	noticeable	to	extreme	values,	circled	in	red:	(a)	the	room	
in	UK52	containing	the	water	tank	for	domestic	hot	water,	and	(b)	the	East	facing	sunspace	












the	 fact	 that	 the	nearest	outlet	 is	 located	 in	 the	 lower	 floor	bathroom.	During	the	1st	 July	
2015,	in	house	UK51	all	room	temperatures	varied	between	25-34°C	(most	rooms	between	
25-30°C).	When	external	 temperatures	were	at	 the	 lowest,	 around	5:00-6:00	am,	 internal	
temperatures	were	3-6K	higher.		During	the	morning,	internal	temperatures	are	mostly	kept	
fairly	stable	and	below	external	temperatures,	ad	exception	of	bedroom	2.	






















in	 house	 UK54,	 all	 room	 temperatures	were	 between	 21-30°C	 (most	 rooms	 between	 23-
26°C).	When	external	 temperatures	where	 at	 the	 lowest,	 between	4:00-5:00	 am,	 internal	
temperatures	were	5-10K	higher.		The	office,	with	south	facing	sloping	roof	windows,	is	the	




























00:00:00 25.6 26.3 28.5 25.5 27.2 28.1 23.4 24.5 24.9 27.4 28.9 27.5
01:00:00 25.5 26.3 28.3 25.8 27.1 28.1 23.3 24.3 24.8 27.3 28.6 27.3
02:00:00 25.5 26.2 27.8 25.9 27.1 28.0 23.2 24.0 24.6 27.1 28.5 27.1
03:00:00 25.4 25.9 27.7 25.9 26.9 27.9 23.1 23.7 24.4 26.9 28.2 26.9
04:00:00 25.4 25.7 27.7 25.7 26.9 27.8 23.0 23.4 24.3 26.8 28.0 26.7
05:00:00 25.4 25.4 27.8 25.7 26.8 27.7 22.9 23.1 24.2 26.7 27.8 26.5
06:00:00 25.4 25.8 27.9 23.1 26.7 27.6 22.9 23.2 24.2 26.8 27.6 26.4
07:00:00 25.6 26.0 28.0 23.1 26.4 26.7 22.2 23.1 24.1 26.9 27.6 26.4
08:00:00 26.3 26.9 27.7 24.6 26.2 26.3 22.5 23.2 24.2 27.1 27.6 26.5
09:00:00 26.9 27.5 28.5 25.6 26.3 26.7 23.0 23.4 24.4 27.4 27.7 26.8
10:00:00 27.1 27.6 29.3 26.1 26.6 27.3 23.7 23.7 24.6 27.7 27.9 27.0
11:00:00 27.0 27.6 30.3 26.4 27.2 28.1 24.3 24.1 25.3 28.0 28.1 27.4
12:00:00 26.9 27.7 30.6 26.7 27.7 28.8 24.8 24.6 25.7 28.3 28.2 27.7
13:00:00 27.0 27.8 32.0 27.0 28.0 29.0 26.2 25.3 26.2 28.6 28.5 28.1
14:00:00 27.1 27.9 32.5 27.4 28.4 29.3 26.5 25.6 26.3 28.7 28.8 28.4
15:00:00 27.5 28.1 33.4 28.0 28.6 29.3 26.3 26.0 26.6 28.9 29.2 28.6
16:00:00 27.5 28.2 33.4 28.6 28.7 29.4 26.2 26.4 27.0 28.9 29.5 28.8
17:00:00 27.6 28.5 33.7 29.5 29.3 29.4 25.9 26.2 27.0 29.0 30.1 29.1
18:00:00 27.8 28.7 33.3 30.0 29.8 29.5 25.6 26.1 26.8 29.1 30.0 29.1
19:00:00 27.9 29.1 33.3 30.3 30.0 30.3 25.4 26.0 26.6 29.0 30.0 29.2
20:00:00 28.1 29.2 33.0 30.0 30.1 30.5 25.2 25.9 26.4 28.9 29.7 29.1
21:00:00 28.4 29.2 32.5 29.5 30.1 30.2 25.0 25.8 26.1 28.9 29.4 29.0
22:00:00 28.4 29.2 31.9 29.4 30.1 30.5 24.5 25.5 26.0 28.9 29.2 28.8
23:00:00 28.3 29.1 31.4 29.4 30.1 30.7 24.5 25.4 26.4 28.8 29.1 28.7
hrs	above	26°C 16 20 24 14 24 24 4 5 11 24 24 24











During	 the	 1st	 July	 2015,	 in	 house	 UK55,	 apart	 from	 the	 sunspace,	 all	 room	









became	 evident	 that	 while	 external	 temperatures	 lowered	 from	 2nd	 July	 2015,	 the	 high	
internal	 temperatures	 were	 maintained	 in	 all	 the	 homes	 and	 with	 a	 different	 degree	 of	
intensity.	 House	 UK52	 (lightweight	 construction)	 the	 main	 bedroom	 temperatures	 were	
above	25°C	for	over	3	days	after.	House	UK54	(heavyweight	construction/natural	ventilation)	
the	main	bedroom	temperatures	were	below	the	peak	day	external	temperature	but	above	












gain,	 and,	 importantly,	 known	 to	be	naturally	 ventilated.	 Interestingly,	UK52	 (lightweight)	
and	UK55	(heavyweight)	bedrooms	average	temperatures	were	very	similar.	It	is	know	that	
both	 homes	 relied	 on	 MVHR,	 but	 UK52	 occupant	 incorporated	 additional	 ventilation	
through	 window	 opening.	 This	 brings	 questions	 into	 the	 effectiveness	 of	 lightweight	
buildings	compared	to	a	thermal	mass	exposed	dwelling.	
In	 general,	 bedroom	 temperatures	 tend	 to	 be	 higher	 than	 living	 areas.	 The	 reasons	
hypothesised	being	that	in	UK51	the	ground	floor	was	much	cooler,	in	UK52	the	availability	












The	 present	 paper	 has	 provided	 a	 graphical	 and	 statistical	 description	 of	 the	 four	 energy	
efficient	 homes	 during	 the	 2015	 heatwave.	 Within	 it,	 it	 became	 clear	 that	 internal	
temperatures	across	all	homes	were	all	uncomfortably	high,	ad	exception	of	UK54.		
Some	of	the	rooms	became	unusable,	and	occupants	have	to	relocate	to	another	type	
of	 room.	 This	 opportunity	 is	 not	 always	 available	 (for	 instance	 in	 flat	 apartments	 or	 in	








(among	 the	 two	 heavyweight	 homes,	 the	 one	 with	 no	 MVHR	 and	 natural	 ventilation	
performed	outstandingly).	
It	 has	 also	 been	 found	 that	 occupants	 adapt	 to	 their	 environments	 (all	 occupants	
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